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© In the wail ironing of a deep-drawn cylindrical 
body (2), two ironing ring die regions (6,7) provide 
respectively immediately successive first and sec- 
ond thickness reduction phases which take place 
simultaneously with a relatively small reduction oc- 
curring in the first phase and a relatively large reduc- 
tion occurring in the second phase. Lubricant is 
applied to the outer surface of the body via inlet (10) 
between the two die regions (6,7). To achieve a high 
annular amount of reduction with low applied force, 
the space (9) bounded by the contact regions of the 
body with said two die regions (6,7) and the portion 
of the body located between said two contract re- 
gions is fluid-tightty sealed, apart from inlet or inlets 
for said lubricant, and said space (9) is so shaped 

a and the lubricant is applied through said inlet or 
inlets at such a pressure that at the second die 
0 region hydrodynamic lubrication of the body and die 
region is achieved. 
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METHOD AND APPARATUS FOR IRONING THE WALL OF A ONE-PIECE CYLINDRICAL BODY, AND A 

BODY FORMED IN THIS WAY 



The invention relates to a method for ironing 
the wall of a deep-drawn cylindrical body in at least 
one thickness reduction stage. The invention also 
relates to apparatus for carrying out such a meth- 
od, having at least one ironing ring die and a ram 
which forces the body through the die. 

In ironing methods known in current can-mak- 
ing practice, it is common for the ironing of the wall 
to be done in three reduction stages. This is illus- 
trated by Fig. 1 of the drawings accompanying the 
present application. See also EOA-5084, GB-A- 
2112685. GB-A-21 55378 and GB-A-21 81 082. For 
processes apparently involving two reduction 
stages see GB-A-1 345227, US-A-3423985. US-A- 
4038859 and US-A-41 73882. Immediately prior to 
the reduction stages, there may be a drawing die, 
in which the ram or punch reshapes a flat metal 
blank into a body with a cylindrical wall. 

The cylindrical body formed by ironing the wall 
is filled with a product e.g. a beverage, generally 
after applying a layer of varnish to the inside, after 
which a lid is joined to the flanged edge at the 
open end of the cylindrical body. 

Constant endeavours are made to reduce the 
cost of packaging the product i.e. the costs of the 
cylindrical body and the lid. 

One of the possibilities is to reduce the quan- 
tity of material from which the cylindrical body is 
made. The usual dimensions for a beverage can 
(see EP-A-1 22651) are a bottom thickness of about 
0.3 mm. a wall thickness of about 0.10 mm and a 
flange at the open end of the cylindrical body with 
a thickness of about 0.16 mm. 

Reducing the quantity of material in such a can 
while maintaining the capacity is only possible by 
reducing the thickness dimensions of the can. En- 
deavours are particularly directed towards reducing 
the wall thickness. In known methods this is how- 
ever not easily possible; this is to be attributed 
especially to the size of the reduction stages which 
are required to produce a cylindrical body with a 
smaller wall thickness. Large reduction stages in 
fact rapidly lead to the formation of crack during 
ironing of the wail. It has also appeared that the 
cylindrical body, depending on the combination of 
reduction stages, acquires an undesirable, for ex- 
ample, dull, external appearance. 

It is known to have two thickness reduction 
stages occurring simultaneously in two successive 
ironing dies. This is apparently the case in EP-A- 
5084 and US-A-4038859 mentioned above. Where 
both thickness reductions ar substantial, this re- 
quires very large ram forces, which tend to dam- 
age th can. It is also known, from GB-A-1 345227 



to employ an ironing die structure in which two die 
rings are closely adjacent and the first die ring 
effects only a pre-sizing or slight thickness reduc- 
tion prior to the main thickness reduction in the 

5 second die ring. This pre-sizing is said to amount 
to "skimming off" of any areas of excessive thick- 
ness of the cylindrical wall. 

The object of the present invention is to pro- 
vide an ironing method and apparatus in which low 

70 ram forces are required and by which a high thick- 
ness reduction can be achieved in a small number 
of reduction stages and with low risk of damage to 
the body being ironed. 

The invention consists in a method for ironing 

is the wall of a deep-drawn cylindrical body including 
at least one thickness reduction stage in which two 
ironing ring die regions provide immediately suc- 
cessive first and second thickness reduction phase 
which take place simultaneously with a relatively 

so small reduction occurring in the first phase at the 
first die region and a relatively large reduction 
occurring in the second phase at the second die 
region, lubricant being applied to the outer surface 
of the body being ironed at the location between 

25 said two die regions. This method is characterized 
in that the annular space outside the wall bounded 
by the contact regions of the body with said two 
die regions and the portion of the body located 
between said two contact regions is ffuid-tightly 

so sealed, apart from inlet or inlets for said lubricant 
and in that said space is so shaped and the lubri- 
cant is applied through said inlet or inlets at such a 
pressure that at the second die region 
hydrodynamic lubrication of the body and die re- 

35 gion is achieved. 

The first reduction phase serves to provide 
some thickness reduction and also to centre the 
cylindrical body being formed before the ring die of 
the second reduction phase comes into operation. 

40 A gradual build-up of tension thus occurs with a 
homogeneous distribution around the circumfer- 
ence of the cylindrical wall. The danger of cracks is 
thus effectively reduced. Preferably, the thickness 
reduction occurring in said first reduction phase is 

45 in the range 10 - 30% of the thickness reduction 
occurring in said second reduction phase. 

It is particularly important in the invention that 
hydrodynamic lubrication is achieved in the second 
die region. In hydrodynamic lubrication, there is no 

so direct contact between the doby of the can and the 
die, and very high lubricant pressure is required to 
achiev this. This is th reason for th sealing of 
the annular space between the die regions in the 
invention. Th shaping of the die structure is im- 
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portent in this respect since the moving cylindrical 
body can be used to effect pressur increase. In 
particular in the invention it is preferred that the 
said annular space outside the wall includes an 
elongate narrow region between the lubricant inlet 
or inlets and the second die region, lubricant being 
entrained by the body being ironed along said 
elongated narrow region towards said second die 
region with increase of pressure. 

GB-A-2181082 describes the use of coolant to 
provide hydrodynamic forces, whose function is to 
damp and restrain the can and punch against 
transverse vibration. It is not disclosed that 
hydrodynamic lubrication occurs. 

One effect of hydrodynamic lubrication is to 
reduce the ram force required considerably. The 
supply of lubricant also ensure that the temperature 
of the cylindrical body increases only moderately 
during the ironing of the wail and is for example 
limited to approximately 200* C which has a 
favourable effect on the external appearance of the 
can. Lubricant pressure at the inlet to the annular 
space is preferably 40 to 100 bars (4 to 10 MPa). 

With the invention, it has also appeared possi- 
ble to reduce the usual amount of tin on the 
starting material, at least on the side which comes 
in contact with the die rings for carrying out the 
reduction stages. Although the quantity of tin on 
the flat sheet material is as a rule only a few grams 
per square metre, a slight reduction in this quantity, 
due to the high price of tin, represents an important 
saving in cost for the can manufacturer. 

Preferably the lubricant Is non-emulsifiable. 
This has the advantage that the lubricant can be 
easily recovered from the mixture which is pro- 
duced with an emulsion may be applied for cooling 
during the ironing of the wall. The lubricant effect is 
improved if the lubricant has at least the viscosity 
of water. 

It has appeared possible with the invention that 
the number of the reduction stages can be equal to 
two, even with large thickness reduction. 

The invention also relates to wall ironing ap- 
paratus for ironing the wall of a deep-drawn cylin- 
drical body having a ram and at least one ring die 
structure for reducing the wall thickness of the 
body forced through the die structure by the ram, 
wherein said die structure has successive first and 
second ring die regions arranged for simultaneous- 
ly performing a wail thickness reduction in two 
phases, the first die region having an interna) diam- 
eter slightly larger than that of said second die 
region and the die dimensions being such that the 
first die region performs a relatively small reduction 
while the second die region performs a relatively 
large reduction, there being at least one inl t for 
introducing lubricant to the outer surface of th 
body being ironed between the first and second di 



regions. This apparatus is characterized in that said 
die structure is constructed to provide fluid tight 
sealing of the annular space which in use is boun- 
ded by die structure and the portion of the body 

5 between the contact regions of the body with the 
first and second di regions and in that th die 
structure includes an elongated face of internal 
diameter slightly greater than that of the second 
die region and bounding the annular space at a 

10 region between the lubricant inlet or inlets and the 
second die region whereby a narrow region of said 
annular space is provided along which in use lubri- 
cant is entrained towards the second die region by 
the moving being ironed. 

75 Preferably the axial length of said elongate 
face is at least 25% of the distance between 
(spacing) of the first and second die regions. Pref- 
erably also said elongate face is cylindrical. 

It is easily possible to introduce the lubricant 

20 into the above-mentioned annular space via one or 
more openings, which direct the lubricant radially. 
Better filling of the annular space is however 
achieved if the connecting part has a least one 
opening suitable for bringing the lubricant at least 

25 partly in a tangential direction into the annular 
space. The narrow elongate region of the annular 
space is particularly suitable for allowing the pres- 
sure in the direction of the second die region to 
increase, so that the desired hydrodynamic lubrica- 

30 tion is achieved in the zone of the second die 
region. The pressure near the second die region 
may amount to approximately 2000-8000 bars and 
the temperature of the cylindrical body increases 
only moderately due to the slight friction. 

35 Preferably the first die region has an entry 
angle in the range of 8* to 10* and a land zone in 
the range of 0.2-0.9 mm in axial length, ft has 
appeared particularly advantageous for the entry 
angle to be about 8* and the land zone about 0.3 

40 mm. The land zone is understood to be that part of 
the ring, which, if there were no lubrication, would 
be in direct contact with the wall of the cylindrical 
body.. . . 

Preferably the entry angle of the second die 

45 region is in the range 5* - 10*, more preferably 
5* to 7*. With hydrodynamic lubrication, an entry 
angle of about 6* has been found especially effec- 
tive. 

It is advantageous that there is provided the 
so construction with double reduction rings suitable for 
carrying out a maximum of two reduction stages. In 
this way the total wall thickness reduction can take 
place over a shorter distance than is possible with 
known wall ironing machines which requires three 
55 reduction stages. In this way the stroke of the wall 
ironing machine can be shortened and in con- 
sequence the production capacity increased while 
maintaining the speed of deformation. 
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In the apparatus preferably said first and sec- 
ond die regions and said elongate face are all 
portions of a one-piece body. 

By the invention it has proved possibl to re- 
duce the wall thickness of the one-piece cylindrical 
body to 0.085 mm maximum./ 

The invention will be illustrated further by way 
of non-limitative example with reference to the ac- 
companying drawings, in which :- 

Fig. 1 shows in axial section an ironing ap- 
paratus with three reduction tings, as is conven- 
tional. 

Fig. 2 shows in axial section part of the 
construction of a double reduction ring used in 
ironing apparatus according to the invention. 

Fig. 3 is a series of graphs showing wall 
ironing and friction forces. 

Figs. 1A, 1B and 1C show how a deep-drawn 
cylindrical body 1 is carried sequentially by a ram 
2 through three spaced reduction rings 3,4 and 5 
and in so doing undergoes different phases of the 
wall ironing process. During each phase of this 
conventional wall ironing process the cylindrical 
body 1 passes through at most only one reducer 3, 
4 or 5 at the same time. 

According to the invention there is provided, for 
at least one of the reduction stages, a reduction 
ring 3,4 or 5 in the form of a double reduction ring 
according to Fig. 2. This consists of a one-piece 
annular body which has first and second die re- 
gions 6,7 separated by a recessed region 8 which 
includes a lubricant inlet 10 and a cylindrical elon- 
gated surface 11 of length Xp. The reduction stage 
consists of an initial reduction phase with a small 
thickness reduction, for example 10% in a first die 
region 6. and the wall reduction stage is completed 
by a second die region 7 with a thickness reduction 
of 50% for example. 

The first reduction phase in the first die region 
6 take place under usual condition. Thus emulsion 
is introduced for cooling and the emulsion, together 
with the tin coating on the body, ensures lubrica- 
tion on the outer surface of the cylindrical body 1. 
The outer surface of the cylindrical body 1 is in 
direct contact with the first and second ring 6.7. 

The entry angle on of the die region 6 is both 
in the range 8* -10* and is preferably 8* . The land 
zone L1 of the first die region 6 lies in the range 
0.2-0.9 mm and is preferably 0.3 mm. 

In the recessed region part 8 between first die 
region 6 and second die region 7 there are also 
provided (not shown) means for introducing lubri- 
cant which is brought via at least one intet 10 into 
the annular space 9 which is bounded by first die 
region 6, connecting part 8, second die region 7 
and cylindrical body 1 being ironed. Th inlet 10 is 
directed, as much as possible, tangential ly to the 
connecting part a This seems to promote good 



filling of th annular space 9 with the lubricant In 
practice, the annular space 9 is filled with lubricant. 
The lubricant is non-emulsifiable so that it can be 
easily separated for re-use from the emulsion ap- 

5 plied. The viscosity of the lubricant is also at least 
equal to that of water. All these conditions must be 
selected depending on the material from which the 
cylindrical body 1 is made. Generally the viscosity 
should be selected high enough that the pressure 

w build-up in the space 9 is not prevented by lubri- 
cant escaping between the cylindrical body 1 and 
second die region 7. 

The connecting part 8. and especially the elon- 
gate surface 11, is formed in such a way that its 

15 inside diameter is only a littler larger than the 
inside diameter of the first die region 6. Thus a 
large part of the annular space 9 is a narrow 
annular zone closely adjacent the cylindrical body 
1 so that the pressure build-up as the lubricant is 

20 entrained by the moving body 1 in the direction of 
the second die region 7, i.e. the direction of move- 
ment of the ram 2 during wall ironing, is promoted. 
Thus hydrodynamic lubrication at the second die 
region is achieved. 

25 Because of the division whereby the first small 
reduction phase serves for catering for the second 
reduction phase, the reduction stage in two reduc- 
tion phases is characterised in that there is little 
tendency to crack formation during the wall stretch- 

oo ing process. 

It has appeared possible in this manner and 
with this apparatus to manufacture a cylindrical 
body with a super-thin wall of 0.085 mm maximum, 
using not more than two double reduction rings 

35 according to the invention. For this purpose the 
double reduction rings are for example mounted in 
place of the reduction rings 4 and 5 (Fig. 1). It is 
also possible for example to use one double reduc- 
tion ring only in place of reducer 5. All this is 

40 dependent on the desired thickness dimension of 
the cylindrical body 1 to be manufactured. 

Figs. 3A to D show graphically the variation of 
the two components of the ram force applied to the 
body being ironed with entry angle to the second 

45 die region 7 in the apparatus of the invention 
shown in Fig. 2. These two force components are 
FrromnQ. the force required for wall thickness reduc- 
tion and Ffrfdfon, the frictional force in the second 
die region. These two components must be 

so summed to find the total force. In each case the 
wall thickness reduction in the first die region 6 
was from 0.15 mm to 0.14 mm. In the second die 
region the reduction was 36% in Figs. 3A and 3C 
(i.e. to 0.09 mm) and 50% in Figs. 3B and 3D (i.e. 

55 to 0.07 mm). In th case of Figs. 3A and 3B 
hydrodynamic lubrication was achieved, and it can 
be seen that in both cases the minimum total force 
(Fironing + ^Maion) is at about 8* entry angl . Figs. 
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3C and 3D show the results without hydrodynamic 
lubrication, and demonstrate that the conventional 
value of 8* entry angle is an appropriate choice in 
that case. 

To provide some figures, th thickness reduc- 
tion from 0.15 to 0.14 mm in the first die region in 
all cases required a force of 1 .45 kN. With an entry 
angle of 8* in the second die region, the force 
required for reduction of 36% (to 0.09 mm) was 
6.08 kN without hydrodynamic lubrication and 2.02 
kN with hydrodynamic lubrication, giving totals for 
both die regions of 7.53 and 3.47 kN respectively. 
With an entry angle of 6* at the second die region 
and with hydrodynamic lubrication, the force at the 
second die region(for the same 36% reductin) was 
as low as 0.67 kN, i.e. a total of 2.12 kN for the two 
die regions. 



Claims 

1. Method for ironing the wall of a deep-drawn 
cylindrical body including at least one thickness 
reduction stage in which two ironing ring die re- 
gions provide immediately successive first and 
second thickness reduction phases which take 
place simultaneously with a relatively small reduc- 
tion occurring in the first phase at the first die 
region and a relatively large reduction occurring in 
the second phase at the second die region, lubri- 
cant being applied to the outer surface of the body 
being ironed at the location between said two die 
regions, 

characterized in that 

an annular space bounded by the contact regions 
of the body with said two die regions and the 
portion of the body located between said two con- 
tact regions is fluid-tightly sealed, apart from inlet 
or Inlets for said lubricant and in that said space is 
so shaped and the lubricant is applied through said 
inlet or inlets at such a pressure that at the second 
die region hydrodynamic lubrication of the body 
and die region is achieved. 

2. Method according to claim 1 wherein said 
space includes an elongate narrow annular region 
between said lubricant inlet or inlets and said sec- 
ond die region, lubricant being entrained by the 
body being ironed along said elongated narrow 
region towards said second ie region with increase 
of pressure. 

3. Method according. to claim 1 or claim 2 
wherein the lubricant is non-emulsifiable. 

4. Method according to any one of claims 1 to 
3 wherein the lubricant has at least the viscosity of 
water. 

5. Method according to any one of the preced- 
ing claims wherein the number of thickness reduc- 
tion stages is equal to two. 



6. Method according to any one of claims 1 to 

5 wherein the input pressure of lubricant at said 
inlet or inlets is in the range 40 to 100 bars (4 - 10 
mPa). 

5 7. Method according to any one of claims 1 to 

6 wherein the thickness reduction occurring in said 
first reduction phase is in the range 10 - 30% of 
the thickness reduction occurring in said second 
reduction phase. 

ro 8. Wail Ironing apparatus for ironing the wall of 
a deep-drawn cylindrical body (1) having a ram (2) 
and at least one ring die structure (6,7,8) for reduc- 
ing the wall thickness of the body forced through 
the die structure by the ram, wherein said die 

75 structure has successive first and second ring die 
regions (6,7) arranged for simultaneously perform- 
ing a wall thickness reduction in two phases, the 
first die region (6) having an internal diameter 
slightly larger than that of said second die region 

20 (7) and the die dimensions being such that the first 
die region (6) performs a relatively small reduction 
while the second die region (7) performs a rela- 
tively large reduction, there being at least one inlet 
(10) for introducing lubricant to the outer surface of 

25 the body being ironed between the first and sec- 
ond die regions 
characterized in that 

said die structure is constructed to provide fluid 
tight sealing of the annular space (9) which in use 

30 is bounded by die structure (6,7,8) and the portion 
of the body (1) between the contact regions of the 
body with the first and second die regions and in 
that the die structure includes an elongate face (11) 
of internal diameter slightly greater than that of the 

as second die region and bounding the annular space 

(9) at a region between the lubricant inlet or inlets 

(10) and the second die region (7) whereby a 
narrow region of said annular space is provided 
along which in use lubricant is entrained towards 

40 the second die region' by the moving body being 
ironed. 

9. Apparatus according to claim 8 wherein the 
axial length of said elongate face (H) is at least 
25% of the distance between the contact regions of 

45 the first and second die regions. 

10. Apparatus according to claim 8 or claim 9 
wherein said elongate face (11) is cylindrical. 

1 1 . Apparatus according to any one of claim 8 
to 10 wherein said lubricant inlet or inlets (10) are 

so arranged to inject the lubricant with an at Least 
partly tangential direction into said annular space 
(9). 

12. Apparatus according to any one of claim 8 
to 11 wherein the first die region (6) has an entry 

55 angle (ai) in the range 8* to 10* and a land zone 
with an axial length (Li) in the range 0.2 to 0.9 mm. 
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13. Apparatus according to claim 12 wherein 
the entry angle (m) of the first die region is about 
8* and its land zone (Li) about 0.3 mm in axial 
length. 

14. Apparatus according to any one of claims 8 5 
to 13 wherein the entry angle (02) of the second 

die region lies in the range 5* to 10* . 

15. Apparatus according to claim 14 wherein 
the entry angle (02) of the second die region is 
about 6*. 10 

16. Apparatus according to any one of claims 8 
to 15 wherein said first and second die regions 
(6.7) and said elongate face (1 1) are all portions of 
a one-piece body. 

17. Apparatus according to any one of claims 8 15 
to 16 having ring die structures for a maximum or 

two thickness reduction stages. 
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